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(54) FORMATION OF COMPOSITE HARD FILM EXCELLENT IN HIGH TEMPERATURE OXIDATION RESISTANCE 
BY ION PLATING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain coating excellent in high temp, oxidation resistance by generating Al vapor and 
Or vapor from a generating source of Al vapor and Or vapor arranged in a vacuum chamber, simultaneously introducing 
gaseous nitrogen into the vacuum chamber and forming Al-Cr-N composite hard film on a substrate. 
SOLUTION: Al and Or are melted in a crucible arranged in a vacuum chamber to generate Al vapor and Cr vapor. 
Otherwise, to a target of Al and On sputtering or arc discharge is used to generate Al vapor and Cr vapor The compsn. 
of metals in the crucible or that of the target is preferably composed of, by atom, 25 to 75% Al and 75 to 25% Cr 
Gaseous nitrogen is introduced into the mixed vapor of Al and Cr to generate plasma and to form Al-Cr-N composite 
hard coating, on a substrate. Its heat resistance can be improved to the level of 1,000" C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely: 
2j***=¥ shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The method of forming a compound hard anodic oxidation coatings for having excelled in the 
high-temperature-oxidation-proof property by the ion plating characterized by generating aluminum steam and Cr 
steam, introducing nitrogen gas in a vacuum chamber simultaneously, and making the aluminum-Cr-N system 
compound hard anodic oxidation coatings which is the resultant of the mixed steam of the above aluminum and Cr, and 
nitrogen gas form on a substrate from the generation source of aluminum steam arranged in a vacuum chamber, and Cr 
steam. 

[Claim 2] The method excellent in the high-temperature-oxidation-proof property by the ion plating characterized by 
carrying out melting of aluminum and the Cr, generating the mixed steam of aluminum and Cr using the crucible 
arranged in a vacuum chamber, introducing nitrogen gas in a vacuum chamber simultaneously, and making the 
aluminum-Cr-N system compound hard anodic oxidation coatings which is the resultant of the aforementioned mixed 
steam and nitrogen gas form on a substrate of forming a compound hard anodic oxidation coatings. 
[Claim 3] The method excellent in the high-temperature-oxidation-proof property by the ion plating characterized by 
using sputtering or arc discharge for the target of aluminum and Cr arranged in a vacuum chamber, generating the 
mixed steam of aluminum and Cr. introducing nitrogen gas in a vacuum chamber simultaneously, and making the 
aluminum-Cr^N system compound hard anodic oxidation coatings which is the resultant of the aforementioned mixed 
steam and nitrogen gas form on a substrate of forming a compound hard anodic oxidation coatings. 
[Claim 4] The method excellent in the high-temperature-oxidation-proof property by the ion plating according to claim 
2 or 3 characterized by being what the metal or target in a crucible becomes from 25 to aluminum75 atom X, and 75-to 
Cr25 atom % of forming a compound hard anodic oxidation coatings. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] The invention in this application relates to the technique of forming on 
a substrate the aluminum-Cr-N system compound hard anodic oxidation coatings which raised the 
high-temperature-oxidation-proof property by leaps and bounds using an ion plating 
[0002] 

[Description of the Prior Art] the PVD including the fomner and an ion plating — using — a substrate top — high — 
the development of the technique which forms a value added coat is tried briskly And since it has the outstanding 
abrasion resistance and outstanding ornament nature which are not in the former, many TiN coats on a tool, metal 
mold, spectacles, the frame of a clock, etc. to which the application is progressing most by the ion plating are applied. 
However, since oxidization will start if TiN coat becomes about 500 degrees C or more, the application to the machine 
part exposed to an elevated temperature, a tool, metal mold, etc. is impossible. Then, generally raising the anti-oxidation 
property is performed to TiN by adding aluminum as improvement technique now. However, with this improvement 
technique, even at most 800 degrees C of heat-resistant temperature are a limitation, and the present condition is that 
the enhancement technique of an anti-oxidation property hot [ beyond it ] does not exist. 
[0003] 

[Means for Solving the Problem] As a result of advancing a research zealously that the above-mentioned technical 
probrem should be solved, invention-in-this-application persons succeed in making the compound hard anodic 
oxidation coatings which improved the high-temperature-oxidation-proof property by leaps and bounds as compared 
with the former form on a substrate using an ion plating, and came to make the invention in this application. 
[0004] That is, the invention in this application is a method of forming the compound hard anodic oxidation coatings of 
the following configuration. 

(1) The method of forming a compound hard anodic oxidation coatings for having excelled in the 
high-temperature-oxidation-proof property by the ion plating characterized by generating aluminum steam and Cr 
steam, introducing nitrogen gas in a vacuum chamber simultaneously, and making the aluminum-Cf^N system 
compound hard anodic oxidation coatings which is the resultant of the mixed steam of the above aluminum and Cr, and 
nitrogen gas form on a substrate from the generation source of aluminum steam arranged in a vacuum chamber, and Cr 
steam. 

(2) The method excellent in the high -temperature-oxidation-proof property by the ion plating characterized by carrying 
out melting of aluminum and the Cr, generating the mixed steam of aluminum and Cr using the crucible arranged in a 
vacuum chamber, introducing nitrogen gas in a vacuum chamber simultaneously, and making the aluminum-Cr-N 
system compound hard anodic oxidation coatings which is the resultant of the aforementioned mixed steam and 
nitrogen gas form on a substrate of forming a compound hard anodic oxidation coatings. 

(3) The method excellent in the high-temperature-oxidation-proof property by the ion plating characterized by using 
sputtering or arc discharge for the target of aluminum and Cr arranged in a vacuum chamber, generating the mixed 
steam of aluminum and Cr. introducing nitrogen gas in a vacuum chamber simultaneously, and making the 
aluminum-Cr-N system compound hard anodic oxidation coatings which is the resultant of the aforementioned mixed 
steam and nitrogen gas form on a substrate of forming a compound hard anodic oxidation coatings. 

(4) a crucible — inside — a metal — or — a target — aluminum — 25 75 — an atom — % — Cr — 75 

— 25 — an atom — % — **** — becoming — a thing — it is — things — the characteristic feature — — 
carrying out — ( — two — ) — a term — or — ( — three — ) — a term — a publication — an ion plating — depending 
proof — a high temperature oxidation — a property — having excelled — composite — 

[0005] In the above, although the technique by the electron gun, the technique by the hollow cathode, the technique by 
sputtering, the technique by arc discharge, etc. are mentioned to the vaporization technique of the metal in an ion 
plating, any technique is employable as operation of this invention. Namely, what is necessary is to evaporate aluminum 
and Cr in a vacuum by a certain technique, to introduce nitrogen simultaneously, to generate a plasma, and just to 
carry out membrane formation formation of the resultant on a substrate. When based on an electron gun. although it is 
required, if the mixture of AlCr alloy of a suitable composition ratio or aluminum grain, and Cr grain is used, one will be 
available for two evaporation sources (crucible) of aluminum and Cr. When the number of evaporation sources is two, 
the output of each electron gun can be adjusted and each evaporation of aluminum and Cr can be controlled. When the 
number of evaporation sources is one, the mixture of AlCr alloy or aluminum grain suitable for the composition ratio of 
aluminum and Cr made into the purpose, and Cr grain is used. When adopting the sputtering method and an arc 
discharge method, two targets, aluminum and Cr. may be used and if it is the target of aluminum / Cr composition ratio 
of the coat made into the purpose, membranes can be easily formed by one. Since formation of the coat which has the 
high-temperature-oxidation-proof property of having excelled very much on the substrate is attained, it is desirable to 
use what becomes the metal or target in the crucible in a vacuum chamber from 25 to aluminum75 atom % and 75 to 
Cr25 atom %. 

[0006] The aluminum-Cr-N system layer with which the characteristic feature of the coat formed of this invention 
requires for this invention that whose use to 800 degrees C was a limitation by the conventional Ti-aluminum-N 
system layer is that use at 1000 degrees C or more is also possible. In addition, since that it is 0.1-2.0 show the 
high-temperature-oxidation-proof property of having excelled especially, aluminum / Cr atomic ratio in an 
aluminum-Ci^N system coat are desirable. 
[0007] 
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[Embodiments of the Invention] Next, an example explains the gestalt of operation of this invention. 

[0008] 

[Example] 

Example 1: The aluminum-Cr~N system coat was formed in view 6 by the activation reactivity vacuum deposition (the 
ARE method) using the ion plating system which shows an outline block diagram, the inside of drawing, and 1 — a 
vacuum chamber and 2 — a crucible and 2a — an electron gun and 3 — a substrate and 4 — a probe (auxiliary 
electrode for ionization promotion), and 5 — a reactant gas supply automatic regulating valve and 6 — for a mass 
spectroscope and 9. as for plasma-control equipment and 1 1. electron gun power and 10 are [ a heater and 7 / 
illuminant light equipment and 8 / filament power and 12 ] filaments AlCr alloy — a crucible — putting in — reactant 
gas — nitrogen — introducing — 180mA [ of EB ♦»♦♦♦*♦♦*♦♦♦♦ » cun^ents ]. processing pressure 

1.3x10-4Ton', probe voltage 90V, and bias voltage ** — it held for 30 minutes at 50V, filament current 22 A, and the 
substrate temperature of 350 degrees C. and membranes were formed to SKH51 substrate in the activation reactivity 
vacuum deposition (the ARE method) Consequently, the aluminum-Cr^N compound coat which can bear also in a 1 
hour oxidizing atmosphere at 900 degrees C was formed on SKH51 substrate. Because of the experiment, as an 
evaporation source in a cmcible. the used vacuum evaporationo alloys were six sorts of AlCr alloys, and Cr content of 
them was the thing of pentatomic %. ten atoms %. 20 atoms %, 25 atoms %. 50 atoms %, and 75 atom %. Consequently, 
membranes were able to be formed also in the thing of which Cr content In addition, membrane formation the case 
where only aluminum is used as a vaporization alloy, and at the time of using only Cr was also performed. Change of the 
X-ray diffraction pattern of the various coats obtained when changing the composition ratio of aluminum and Cr of an 
evaporation source in the above-mentioned experiment is shown in drawing 1 . the inside of drawing, the thing which, 
as for (a), an evaporation source becomes from aluminum, the thing which (b) becomes from aluminum75 atom % and 
Cr25 atom %, the thing which (c) becomes from aluminum50 atom % and Cr50 atom %. and (d) — aluminum25 atom % 
and Cr75 atom % — since — the becoming thing and (e) show what consists of Cr Drawing 1 shows that the crystal . 
structure changes bordering on (b) aluminum75 atom % and Cr25 atom % although membranes can be formed also about 
composition [ which ]. At least 1000 degrees C of especially the coats from which the 

high-^emperature-oxidation-proof property of the obtained coat does not oxidize under the elevated temperature of 
900 degrees C, but was acquired for six sorts of coat [ each ] using the evaporation source of alloy composition of 
aluminumSO atom XCrSO atom % did not oxidize. The aluminum-Cr-N system layer became distinct [ that a 
high-temperature-oxidation-proof property improves by about 200 degrees C as compared with the conventional 
Ti-aluminum-N system layer (high-temperature- oxidation-proof property of 800 degrees C or less) ] from the above 
thing. 

[0009] The composition distribution by the Auger analysis of the coat which used and created the aluminumSO atom 
%Cr50 atom % alloy as the aforementioned evaporation source is shown in drawing 2 . The result shows that they form 
the nitride of aluminum and Or, although aluminum, Cr, and nitrogen are distributed quite oval. When the thickness of ^ 
the obtained aluminum-Cr-N system layer measured the level difference of a coat with the surface roughness plan. It 
was about 1.2 micrometers. When a spatter is carried out from a front face, as shown In drawing 2 . when the iron which 
is composition of a substrate appears in about 400 minutes, it converts into a thickness and is equivalent to about 1.2 
micrometers for spatter time 400 minutes. Moreover, in Hv, the obtained coat was about 2100 (lOg of loads) degree of 
hardness, and was a value almost near TiN. The result of Auger analysis after quenching this coat after a hold in a 1 
hour oxidizing atmosphere at 1000 degrees G is shown in drawing 3 . As shown in drawing, spatter time about 450 
minutes have the thickness of the coat including the oxidizing zone. Since oxygen decreases abruptly in spatter about 
150 minutes, the nitrided fraction of the whole coat still remains and the thickness which has oxidized understands that 
oxidization has not reached by the substrate only within a layer, although about 1/is considered to be 3. 
[0010] Example 2: When membrane formation of an aluminum-Ci^N system layer was tried by the sputtering method 
which is one of ion platings, having used aluminum50 atom %Cr50 atom % as the target, membranes were able to be 
formed like the result in the ARE method. The obtained membrane formation became clear [ not oxidizing ] also in 1000 
degrees C like what was created by the ARE method. The composition distribution by Auger of the coat created by the 
sputtering method is shown in drawing 4 . If aluminum, Cr, and nitrogen of the coat created by the sputtering method 
are contrasted with what was created by the ARE method, they are distributed uniformly- The result of Auger analysis 
after quenching this coat after a hold in an oxidizing atmosphere for 30 minutes at 1000 degrees C is shown in drawing 
5 . It has stopped only on the front face mostly and drawing 5 shows that oxidization has the 
high-temperature-oxidation-proof property of having excelled like the coat by the ARE method of a coal 
[0011] 

[Effect of the Invention] According to this invention the above-mentioned passage, it is enabled to protect the metal 
parts exposed to the high-temperature-oxidation ambient atmosphere in all the fields of "Me. industrial world, and metal 
goods from oxidization, and the use of a manufacture is conventionally attained also under the environment which has 
used only the difficult and expensive ceramic product. 

*♦ . In the compound hard anodic oxidation coatings excellent in the high-temperature-oxidation-proof property by the 
conventional Ion plating, since it can be made to improve even before and after 1000 degrees C when 800 degrees C Is 
a use limitation, the endurance of the industrial product exposed to an elevated temperature can be raised by leaps and 
bounds, and the application field on industry can be extended sharply. 

** . Even if it does not use new equipment, with the conventional equipment, the high-temperature-oxidation-proof 
compound coat concerning this invention can form cheaply. 
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